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Abstract 
This report describes the effects of endo-
toxin treatment on the intrasplenic microcircula-
tion and cellularity in rats. Four and 16 h 
after a single intravenous injection of endotoxin 
(2 mg/lOOg body weight), altered intrasplenic 
microcirculation was observed. The open circu-
lation was reduced from 97% in the control rats 
to 79% in the endotoxin treated rats, while the 
closed circulation increased from 3% in the con-
trols to 21% in the endotoxin treated rats. Such 
changes in the splenic microcirculation may be 
partly due to the presence of fibrin and the 
pooling of polymorphonuclear leukocytes and red 
blood cells in the red pulp. The most apparent 
cellular changes seen in the white pulp of endo-
toxin treated rats 16 h after endotoxin injection 
are the disappearance of lymphocytes from the 
periarterial lymphatic sheath and the appearance 
of rrany giant macrophages within the white pulp. 
The giant macrophages contain lymphocytes under-
goirg various stages of degradation. This 
sugsests that the lymphocytes may be injured by 
endctoxin treatment and are subsequently phago-
cytcsed by macrophages. 
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Introduction 
A large dose of endotoxin administered in-
travenously into the dogs and rats causes 
pronounced hemodynamic alteration and subsequent 
death. The hemodynamic changes associated with 
endotoxin shock are severe hypotension, a de-
crease in the cardiac output and venous return 
(4, 7, 9) and alteration in the regional blood 
flow (6). Several studies suggest that the 
spleen may play an important role in endotoxin-
induced lethality (l, 8). It is known that 
splenectomy will protect mice against endotoxin-
induced lethality suggesting that spleen cells 
are important in producing these lethal effects 
(l). A mouse resistant to the lethal effects of 
endotoxin (C3H/HeJ) could be killed by endotoxin 
after the adoptive transfer of spleen cells de-
rived from an endotoxin-sensitive but histocom-
patible mouse (C3H/HeN) (8). Although the 
spleen may be involved in the lethal effect of 
endotoxin administration, little is known about 
the effects of endotoxin on the splenic micro-
circulation and the cellularity (ll). The 
present paper describes the changes in splenic 
microcirculation and cellularity associated with 
endotoxin shock. 
Materials and Methods 
Animals: Male Sprague-Dawley rats (200-
250g) were obtained from Charles River Breeding 
Laboratories, Wilmington, MA. Prior to the 
experimental treatment, rats were maintained on 
Purina chow and water ad libitum for one week 
following receipt from the supplier. 
Endotoxin treatment: A 0.6% solution of 
endotoxin (Escherichia coli 055:B5, Difeo Labor-
atories, Detroit, MI) was prepared in saline. 
Rats under light ether anesthesia were injected 
through the penis vein with 0.7 ml of endotoxin 
(2 mg/lOOg body weight) (LD 90). Rats injected 
with saline served as controls. 
Intrasplenic microcirculation: Intrasplen-
ic microcirculation in rats was studied by means 
of the microsphere method (3) 4 hand 16 h 
following endotoxin administration. Rats were 
anesthetized with pentobarbital (4 mg/100 g body 
weight), secured to the guillotine platform, and 
injected in the dorsal penis vein with 2 x 108 
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carbonized plastic microspheres of 3 to 4 µm (3M 
Company, St. Paul, Minn.) in 0.4 ml of saline: 
The splenic blood flow was stopped 5-6 seconds 
after the initiation of microsphere injection by 
dropping the guillotine through the thorax at the 
level between the diaphragm and the heart. The 
spleen was removed and cut transversely into 1.5 
mm thick slices lh, 4h, and 16h following endo-
toxin injection and fixed in Karnovsky's para-
formaldehyde and glutaraldehyde (10). The slices 
were washed in cacodylate buffer, dehydrated 
through graded ethanol, and embedded in a mixture 
of butoxylethanol and glycomethacrylate (Poly-
sciences, Warrington, PA). Sections of 3 µm in 
thickness were stained with hematoxylin and eosin. 
For each spleen, the percentage of microspheres 
in the cords and sinuses was determined by count-
ing 1,000 microspheres in several random tissue 
sections. 
Electron microscopy: For electron micro-
scopy, tissue slices fixed in Karnovsky's fixa-
tive were post-fixed in osmium tetroxide, dehyd-
rated in ethanol, and embedded in Araldite. Thin 
sections were stained with uranyl acetate and 
lead citrate. 
Resu 1 ts 
The relative blood flow to the open and 
closed circulation in the rat spleen was esti-
mated by the distribution of microspheres in the 
cords and sinuses. In the control rats, 97% of 
the blood entering the spleen traveled the open 
circulation and the other 3% traveled the closed 
circulation (Table l). In the endotoxin treated 
rats, the open circulation was reduced to 79%, 
while the closed circulation increased to 21% 
four hours after endotoxin injection. Similar 
alteration in the intrasplenic microcirculation 
was also observed in rats 16 h after endotoxin 
injection (Table 1). 
Several distinct morphological features were 
readily recognizable in the spleen of endotoxin 
treated rats: (a) presence of fibrin in the red 
pulp, (b) accumulation of granulocytes and aggre-
gation of platelets in the red pulp, (c) appear-
ance of giant macrophages in the white pulp and 
(d) disappearance of lymphocytes from the peri-
arterial lymphatic sheath. The fibrin seen in 
the red pulp of the endotoxin treated rats was 
located in the intercellular space (Figure 1). 
It appeared as patches scattered throughout the 
cordal space. The fibrin was observed in the 
spleen 4 h after endotoxin treatment. More 
fibrin was seen in the spleen of 16 h endotoxin 
treatment than in the spleen of 4 h endotoxin 
treatment (Figures 2 and 3). 
Accumulation of a large number of polymor-
phonuclear leukocytes in the splenic red pulp 
became evident at 4 h after endotoxin treatment. 
Similar observations were also found at 16 h, 
but not at 1 h following endotoxin treatment. 
Platelets appearing in aggregates were noted at 
4 hand some of them were phagocytosed by the 
macrophages in the cords (Figure 4). Pooling of 
red blood cells in the spleen was not yet evi-
dent at l h. It became apparent at 4 and 16 h. 
The most conspicuous cellular changes in 
the white pulp of endotoxin treated rats were the 
disappearance of lymphocytes from the periarteri-
al lymphatic sheath and the appearance of numer-
ous giant macrophages containing lymphocytes 
undergoing various degrees of degradation 
(Figures 5-7). Those changes were apparent at 
16 h but not at 1 and 4 h following endotoxin 
treatment. Giant macrophages were rarely seen 
in the red pulp adjacent to the white pulp. 
TABLE l. Splenic Microcirculation During Endotoxin Shock: 
Relative Distribution of Microspheres (3-4µm) in 
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Fig. l. Red pulp of the spleen of an endotoxin 
treated rat (4 h after endotoxin injec-
tion). Fibrin (arrow) is localized in 
the intercellular space in the cords. 
Bar= 0.5 µm. 
Fig. 2. Red pulp of the spleen of an endotoxin 
treated rat (4 h after endotoxin injec-
tion). Fibrin is indicated by arrows. 
Bar = l µm. 
Fig. 3. Red pulp of the spleen of an endotoxin 
treated rat (16 h after endotoxin injec-
tion). Fibrin is indicated by arrows. 
Bar= l µm. 
Fig. 4. Red pulp of the spleen of an endotoxin 
treated rat (4 h after endotoxin injec-
tion). Several platelets (P) are phago-
cytosed by a macrophage (M). Bar= l µm. 
Fig. 5. White pulp of the spleen of an endotoxin 
treated rat (16 h after endotoxin injec-
tion). A giant macrophage contains 
several digested vacuoles (V) and pykno-
tic nuclei (N). Bar= l µm. 
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Fig. 6. White pulp of the spleen of an endotoxin 
treated rat (16 h after endotoxin injec-
tion). The number of lymphocytes in the 
periarterial lymphatic sheath (P) dimin-
ished. The macrophages are indicated by 
arrow heads. The white pulp is outlined 
by arrows. C, central artery; N, lym-
phatic nodule. (a) Bar = 50 µm; (b) Bar 
= 25 µm. 
Discussion 
On the basis of the microsphere method 
(2, 3), the present study shows that the intra-
splenic microcirculation is altered in rats with 
endotoxin shock. In the normal anesthetized rats, 
about 97% of the blood takes the open route of 
circulation and 3% travels the closed route. In 
contrast to the normal rats, about 77-79% of the 
blood takes the open route and the rest travels 
the closed route in the endotoxin treated rats. 
The reduction in the proportion of the blood 
traveling the open circulation in the spleen of 
endotoxin treated rats could be due, in part, to 
the presence of fibrin and the pooling of poly-
morphonuclear leukocytes, red blood cells and 
platelets in the red pulp. It has been suggested 
that endotoxin induced inflammatory reactions of 
the splenic red pulp initiate platelet aggrega-
tion and fibrin formation by activation of coagu-
lation mechanisms following exposure of blood to 
reticular fibers and subendothelial basement mem-
branes (11). It has been shown in an earlier 
paper that the pooling of red blood cells in the 
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Fig. 7. White pulp of the spleen of an endotoxin 
treated rat (4 h after endotoxin injec-
tion). The periarterial lymphatic 
sheath ( P) is packed with sma 11 l ympho-
cytes. Many polymorphonuclear leuko-
cytes (arrow heads) are present in the 
cord. The white pulp is outlined by 
arrows. C, central artery; N, lympha-
tic nodule. (a) Bar = 50 µm; ( b) Bar = 
25 µm. 
red pulp could result in a reduction in the open 
circulation (3). Since rat peritoneal macro-
phages synthesize potent vasoactive arachidonic 
acid metabolites such as thromboxane A2 and pro-
stacyclin in response to endotoxin (5), produc-
tion of vasoactive substances by the endotoxin-
stimulated macrophages in the spleen may affect 
the intrasplenic microcirculation. The disappear-
ance of lymphocytes from the periarterial lympha-
tic sheath (PALS) at 16 h could be due to active 
migration of lymphocytes out of the white pulp, 
degeneration of lymphocytes within the white 
pulp, or both. The fact that many giant macro-
phages containing pyknotic lymphocytes appear in 
the white pulp, while the number of lymphocytes 
diminishes in the PALS indicates that some lym-
phocytes in the PALS may die there and are subse-
quently phagocytosed by macrophages. How the 
lymphocytes are injured by the endotoxin treat-
ment is not known and remains to be studied. A 
decreased number of lymphocytes in the paracorti-
cal area of the lymph nodes was also noted in 
mice treated with sublethal doses of endotoxin 
(13). The paracortical region of the lymph node 
Effects of endotoxin on splenic cellularity 
and the PALS of the spleen are predominantly occu-
pied by T lymphocytes (12). Disappearance of 
lymphocytes from these two areas suggests that 
endotoxin treatment may have a more deleterious 
effect on T lymphocytes than on B lymphocytes. 
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Discussion with Reviewers 
* M. Tavassoli: Is there any evidence from the 
literature that endotoxin can induce lymphocyte 
migration? 
Author: It has been shown that the treatment of 
a7arge dose of endotoxin in mice results in a 
reduction of lymphocytes in the lymph nodes (re-
ference No. 13). However, it is not known 
whether the reduction of lymphocytes in the 
lymph nodes is due to active lymphocyte migra-
tion. 
M. Tavassoli~ Is there any evidence that endo-
toxin can differentially affect Band T cells? 
Author: A decreased number of lymphocytes obser-
ved in the paracortical area but not in the 
nodule of the lymph nodes following an injection 
of sublethal dose of endotoxin in mice (reference 
No. 13) indicates that endotoxin treatment af-
fects T cells more than B cells with regard to 
cell distribution. 
* M. Tavassoli: The presence of fibrin deposits 
suggests activation of coagulation system. Was 
there any evidence of systemic activation of 
this system? This could be easily demonstrated 
by RIA for fibrin split products or by deposi-
tion of fibrin in other tissues. Alternatively 
examination of blood smear should demonstrate 
fragmented red cells produced by fibrin strands 
with the circulation. 
Author: Endotoxin treatment induces systemic in-
travascular activation of the coagulation system 
and the deposition of fibrin occurs not only in 
the spleen but also in the hepatic sinusoids and 
other vascular beds (Ref. No. 11). 
* M. Tavassoli: The presence of fibrin deposits in 
splenic cords has an interesting connotation. 
The rate of circulation in splenic cords is near-
stasis and other metabolic conditions also favor 
activation of the coagulation system. That this 
activation normally does not take place may be 
related to local presence of lysosomal enzymes or 
local activation of plasminogen system (Weiss L, 
Tavassoli M: Anatomical hazards to the passage of 
erythrocytes through the spleen. Seminars in 
Hematol 7:372, 1970). Thus, an equilibrium, sim-
ilar to but distinct from that in general circu-
lation, is reached preventing fibrin deposition 
in the cord. It would be suitable if the author 
could comment on those factors, induced by endo-
toxin, that alter this state of equilibrium and 
leads to fibrin deposition. This may have far-
reaching implication in control of hemostatis and 
thrombosis. 
Author: Endotoxin-induced inflammatory reactions 
of the splenic red pulp initiate platelet aggre-
gation and fibrin formation by activation of the 
coagulation system following disruption of reti-
cular cells and exposure of blood to reticular 
fibers and subendothelial basement membranes 
(Ref. No. ll ) . 
* All four questions jointly asked by M. Tavassoli 
and C. Hardy. 
